We consider a class of dynamic models for elastomers involving nonlinear viscoelastic (hysteresis) as well as nonlinear nite elastic components of the constitutive laws. Existence and uniqueness results are presented along with sample numerical ts to experimental data to demonstrate the e cacy of the models.
Introduction
In this paper we present a well-posedness result for a new model describing the behavior of nonlinear elastomers. These models for lled (e.g., with carbon black) rubber-like elastomers are motivated by formulations for large deformation tensile dynamics. When properly modeled, these dynamics require nite strains 31, 33] e = @u @x + 1 2 @u @x in constitutive laws, where = @u @x is the usual in nitesimal strain of linear elasticity (see 8, 14] for basic modeling techniques as well as speci c examples related to longitudinal (tensile) deformation models). Computational and experimental results 9, 10, 11, 13] have con rmed that nonlinear constitutive laws (t) =G e (ê(t)) (1.2) are adequate but required to model even the small deformation elastic dynamics for lightly lled elastomers. However, for more highly lled elastomers (the primary focus for both passive and active damping devices), hysteresis is present and viscoelastic behavior must be combined with basic nonlinear elastic behavior in constitutive laws of the form (t) =G e (ê(t)) +G v (ê(t + s) : ?1 < s 0):
In light of (1.1), this is equivalent to attempting to determine nonlinear mapsg e ; g v so that the constitutive law is given by (t) =g e ( (t)) + g v ( (t + s) : ?1 < s 0): (1.4) We choose to model this hysteresis using a Boltzmann type law of the form where denotes the stress and the in nitesimal strain. This stress-strain law implies that the stress depends not only on the current strain but also on the history of the strain and the strain-rate. This law contains several standard internal strain or internal variable formulations as special cases. The ADF models of Lesieutre 24, 25] for composite materials exhibiting both elastic and anelastic displacement elds are formulated on the assumption that the host elastic material contains anelastic materials with internal strains 1 which are elastic strain driven, i.e., the constitutive laws have the form (t) = E 1 (t) ? E 2 1 (t); (1.6) where the internal strain is described by _ 1 (t) + c 1 1 (t) = c 2 (t); (1. More generally, one might have a nonlinear version of (1.7) given by _ 1 (t) + c 1 1 (t) = g v ( (t)): (1.8)
On the other hand, Johnson et. al., 22] propose a linear alternative to (1.7)
in which the internal strain is strain rate driven, with nonlinear generalization given by _ 1 (t) + c 1 1 (t) = g v (_ (t)): (1.10)
Our attempts to use models equivalent to (1.6) with either (1.8) or (1.10) to describe either quasi-static or dynamic tensile test data 13] have not been successful. However, more general models of the form (1.5) which correspond to an internal strain model of the form
have performed quite well in modeling our quasi-static and dynamic tensile experimental data. In these applications we required that the derivative d dt in (1.5) be a distributional derivative (in the sense described below) and that g v have the form
i.e., the viscoelastic response di ers when the material is loading from that when it is unloading. This is one novel feature of our model which is based on our experimental In a typical experiment the rubber rod loads and unloads periodically. Let us suppose that it loads from t K to t K+1 when K is even, where t 0 = 0. Assuming that t K < t < t K+1 ; where K is odd, and r > t max , where t max is the maximum value of t of interest, we may integrate by parts in the integral term in (1.12) interval by interval to obtain:
(1.13)
We shall refer to the terms in the summation as "jump terms" and the ft k g as "turning points". We note that we obtain a similar system in the case the rubber rod is loading, i.e., t K < t < t K+1 ; K even.
We consider the longitudinal motion of an elastomer rod of length`and let u(t; x) denote the displacement at time t of the section of the rod originally located at x; 0 x `: The motion is governed by the equation (for a careful derivation see 8, 11]) A c u tt = A c x (x; t) + f(x; t); (1.14) where A c is the undeformed cross sectional area, and is the density. Combining our stress strain law with (1.14) we obtain the model for t K (?r; 0; V ); i.e., we use a = t 0 = 0; b = t 1 in our de nition of the weak solution. The method of the proof is very similar to the one in 6]. First we give an apriori estimate, then introduce Galerkin approximations to the weak solution and justify taking the limit. The monotonicity condition (2.21) plays a major role in showing that the limit of the Galerkin approximates is a weak solution. Next we show that this solution can be continued on t 1 
Galerkin approximations and their convergence
Let f k g 1 k=1 V be an orthonormal system in V: We de ne Galerkin approximations for We choose fc N 0k g so that lim N!1 P 1 1 c N 0k k = ' 0 in V: Arguing in the usual way we obtain that the Galerkin approximations also satisfy (3.39), i.e., ku N t (t)k (3.42) whereC is independent of N: (1) possesses extra smoothness, i.e., u
2 C(0; t 1 ; V ) and u (1) t 2 C(0; t 1 ; H): We consider the systems w tt + w xx + "w xxt = F ? @ @x g e (u (1) x ) + Y (0)g v (u (1) x ; _ u (1) x ) + @ @x Z t t?r _ Y (t ? s)g v (u (1) x ; _ u (1) x )ds Since @ @x g e (u (1) x ) + Y (0)g v (u (1) x ; _ u (1) x ) + u(t; 0) = 0 This agreement is maintained across di erent kinds of experiments (quasi-static as well as dynamic) which provides evidence that this type of model works well in approximating the behavior of lled rubber samples. A paper on our detailed modeling and computational results for quasi-static and dynamic experiments is currently under preparation.
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